Hospital, Aucklanid, News Zeala 11(d A B S T R A C T Infection-induced anergy is a fre(luent complication of bacterial, viral, and parasitic infection. A marked suppression of the thymus-derived (T) lymphocyte response to concanavalini A has been demonstrated in vitro during renal infection and the mechaniismiis by which suppressioni occurs have been investigated. In particular we have considered the possibility that suppressioni might result from the inhibitory effect of prostaglandins, secreted by activated macrophages with immunoregulatory potential. The experiments have shown that the T-lymphocyte effector status in experimentally-induced renal infection is determined by two suppressor cells, one infectioni-induced and the other naturally occurring. The inability to respond to mitogenic stimulation was reversible and restoration of immnune responsiveness to splenic lymphocytes from infected animals could be achieved in two stepwise manipulations; differential centrifugation removed the infection-induced suppressor cells, and the suppressor activity of the naturally occurring suppressor cells could then be inhibited by indomethacin. Thus the two suppressor cells were distinguishable on the basis of their physical characteristics and their response to indomethacin. The dominant factor determininig the immune responsiveness of splenic lymphocytes from the pyelonephritic animals was, however, the infection-induced suppressor cell. This cell has been characterized as a sedimentable cell (30 g) with suppressor activity demonistrable in coculture experiments. Plastic-adherent cells from the sedimentable fraction of pyelonephritic animals' splenic cells were shown to have suppressor activity that was not inhibited by indomethacin. The infection-induced and naturally occurring suppressor cells can be viewed as prototypes for the equivalent cells in man and may be useful models for studying the
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INTRODUCTION
The ability of an infectious disease to initiate ani immune responise in the infected host has been kniown for decades, but it has been recogniized only receintly that as well as being stimiiulated by infectioin, immiiuine effector functioins imav also be depressed. As a result, the ability of the host to mount an effective immune response against ain invading pathogen may be severely comproimiised and there are an increasiing number of infectious diseases in man and experimeintal animilals where a depressed cell-mediated immune response has been associated with ain adverse clinical course (1, 2) .
The elucidation of cellular interaction controlling the immune response to infection is one ofthe principal objectives in the study of the immunobiology of infectious disease. Most experiments have been directed toward characterizing subpopulations of T cells, but there is increasing evidence that activated macrophages are also important cellular componients controlling the host's immune response to infectioin (3, 4) . The direct inhibitory effect of prostaglandins secreted by activated macrophages is one likely regulatory mechanismii. Goodwin et al. (5) have described a prostaglandin-producing suppressor cell in human peripheral blood that inhibits in vitro, lymphocyte activation by T cell mitogen. Suppressor cell activity that acts through the production of prostaglandin' has been described in both experimental animals and man (6, 7) . This indicates that the naturally occurring peripheral blood suppressor cells in man and splenic suppressor cells in experimental animals may be related in both function and mode of action.
Knowledge of the relationship between the naturally occurring suppressor cell in man and the suppressor cell induced during infectious disease may make a sig-nificanit contribution to our uniderstanidinig of the imml-unoliology of infectious disease. In the present experimiienits we have shown that the T-lymphocyte effector status of splenic lymlphocytes in experimentally-iniduced renal infection is determinied by two suppressor cells, one naturally occurring and the other inifection iniduced. The two suppressor cells are distinguishable oin the basis of their physical characteristics anid the capacity of the prostaglandin synthetase inhibitor, inidomethacin, to block the immunosuppressive activity. These cells, we believe, can be realisticallv viewed as prototypes of the niaturally ocecurrinig suppressor cell anid the inifectioni-indcluced suppressor cell in man1.
METHODS
Aniimal str-ainl. DA x AS2 F, hy)rid f'emiale rats weighiing 200-260 g were used in these experimiienits.
Bacterial strain The strain of Escherichia coli 075 usedl in these experimiienits was the saimie as that used in previous stur(lies of experimiiental pyelonephritis (8) .
Producction of renal inifectioni. Pyelonephritis was induce(d bN (lirect inoculationi of E. coli into the surgically exposedl kidney. Details of this metho(d halve been given previoulsly (9 (Fig. 3) . I dlom0ethacilcii) animals (321,90() dpm/10' lymphi eOcts). The eXperiineits atlso showed that the effect of iidomlethacini was related to the concenitration of' (C'o A bnt niot inversekl related ats hadi l)een found previously (1.5 animals (Table IV) . In Table V "iSee Fig. 3 . ¶ See Table IV. lymphocytes but the immunosuppressive activity of the infection-induced suppressor cell was not inhibited by indomethacin. Suppression of cell-mediated immunity has been demonstrated in infectious diseases both in man and experimental animals (17, 18) . In addition to the present experiments suppressed cell-mediated immunity has also been demonstrated in tumor-bearing animals (19) , experimentally induced malaria (20) , schistosomiasis (21), trypanosomiasis (22) , and after the injection of adjuvants (23) . Thus infection-induced immune nonresponsiveness may be a much more common response of the host to infection than has been recognized previously but the nature of the biologic mechanisms that induce the immunosuppressive state is not well understood. One of the objectives of these experiments was to investigate the role of the prostaglandins as immunoregulatory molecules controlling cell-mediated immune responses to infection. Prostaglandins of the E series are produced by macrophages in substantial amounts after activation and can inhibit lymphocyte functions (24, 25) . In the present experiments the addition of indomethacin, a specific prostaglandin synthetase inhibitor, to cultures of splenic lymphocytes from normal and pyelonephritic animals results in a considerable increase in the mitogenic response (351 and 263% for normal and pyelonephritic animals, respectively). The response of pyelonephritic lymphocytes, however, was still only 12% of that of the comparable population of lymphocytes from normal animals.
Although the activity of the naturally occurring suppressor cell is inhibited by indomethacin and thus shares this and other characteristics with the naturally occurring suppressor cell found in man (5), the infection-induced suppressor cell appears to be unique. The latter cell differs from the naturally occurring suppressor cell both in physical characteristics (i.e., removable by 30 g centrifugation) and biologically in that its suppressor activity is not inhibited by indomethacin.
A number of investigators have described the immunosuppressive activity of surface-adherent cells, presumed to be mononuclear phagocytes, obtained from the spleens of animals challenged with a variety of stimuli (26) (27) (28) . The mechanism of action of the suppressor cell has yet to be defined but a reasonable assumption is that because activated macrophages synthesize increased amounts of prostaglandin, this agent could lead to depressed cell-mediated responses. The present experiments have shown that the naturally occurring suppressor cells can depress cell-mediated immune function through prostaglandin activity. However, the mechanism by which the infection-induced suppressor cells act has yet to be defined.
One important conclusion is that although the unmanipulated splenic lymphocytes from pyelonephritic animals are nonresponsive in culture, full immune responsiveness can be restored. The ability of these cells to respond to mitogenic stimulation is determined by two suppressor cells. One, a naturally occurring suppressor cell, is inhibited by indomethacin but only in the absence of the infection-induced suppressor cells. A recent observation that an indomethacin-resistant splenic suppressor cell developed in mice moved from germ-free to conventional conditions (6) supports our concept of microbial infection as a factor stimulating the generation of an indomethacin-resistant suppressor cell that can be distinguished from the naturally occurring suppressor cell. It seems likely that the cell described by Mattingly et al. (6) and the infection-induced suppressor cell described in the present experiments may be derived from the same cell lineage.
These experiments have shown that the infectioninduced suppressor cell is the dominant factor determining the immune responsiveness of splenic lymphocytes from pyelonephritic animals, but unlike the naturally occurring suppressor cell, the immunosuppressive activity of the infection-induced suppressor cell is not inhibited by indomethacin. Our intention is to use both these cells as models to study the role of suppressor cells in the pathogenesis of infectious disease in man.
